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Abstract- A method for the design of Fast Haar wavelet for 
signal processing & image processing has been proposed. In 
the proposed work, the analysis bank and synthesis bank of 
Haar wavelet is modified by using polyphase structure. 
Finally, the Fast Haar wavelet was designed and it satisfies 
alias free and perfect reconstruction condition. 
Computational time and computational complexity is 
reduced in Fast Haar wavelet transform.  
Keywords- computational complexity, Haar wavelet, 
perfect reconstruction, polyphase components, Quardrature 
mirror filter.  
I. INTRODUCTION 
The wavelet transform has emerged as a cutting edge 
technology, within the field of signal & image analysis. 
Wavelets are a mathematical tool for hierarchically 
decomposing functions.  Though routed in approximation 
theory, signal processing, and physics, wavelets have also 
recently been applied to many problems in computer 
graphics including image editing and compression, 
automatic level-of-detailed controlled for editing and 
rendering curves and surfaces, surface reconstruction from 
contours and fast methods for solving simulation 
problems in 3D modeling, global illumination and 
animation [1].     
Wavelet theory was developed as a consequence in the 
field of study the multi-resolution analysis. Wavelet 
theory can determine the nature and relationship of the 
frequency and time by analysis at various scales with 
good resolutions.   
Time-Frequency approaches were obtained with the 
help of Short Time Fourier Transform (STFT). For the 
better time (or) frequency resolution (but not both) can be 
determined by individual preference (or) convenience 
rather than by necessity of the intrinsic nature of the 
signal, the wavelet analysis gives the better resolution [2]. 
 
 
According to the applications, the biomedical 
researchers have large number of wavelet functions from 
which to select the one that most closely fits to the 
specific application. Wavelet theory has been successfully 
applied to a number of biomedical problems [3-5]. Many 
applications such as image compression, signal & image 
analysis are dependent on power availability. In this 
paper, a method for design of Haar wavelet for low power 
application is proposed. The main idea of this proposed 
method is the decimated wavelet coefficients are not 
computed. This makes the conservation of power and 
reduces the computation complexity. The Haar wavelet 
which makes the low power design is simple and fast. The 
proposed design approach introduces more savings of 
power. 
This paper organised as follows. In Section II, the 
existing Haar wavelet is introduced. In section III presents 
Haar wavelet analysis bank reduction. In section IV 
presents Haar wavelet synthesis bank reduction. In section 
V presents Haar wavelet and Fast Haar wavelet 
experimental results are shown as graphical output 
representation to the signal and image processing and we 
conclude this paper with section VI. 
II. HAAR WAVELET STRUCTURE 
 
Fig. 1 Two channel wavelet structure 
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The wavelet transform can be implemented by a two 
channel perfect reconstruction (PR) filter bank [6]. A filter 
bank is a set of filters, which are connected by sampling 
operators. Fig.1 shows an example of a two-channel filter 
bank applied by one dimensional signal. d(n) is an input 
signal and dR(n) is reconstructed signal. In the analysis 
bank, b0(n) is a analysis low pass filter and b1(n) is a 
analysis high pass filter. However in practice, the 
responses overlap, and decimation of the sub-band 
signals, which are results in aliasing. The fundamental 
theory of the QMF bank states that the aliasing in the 
output signal dR(n) can be completely canceled by the 
proper choice of the synthesis bank [7]. In the synthesis 
bank, a0(n) is the reconstruction low pass filter(LPF) and 
a1(n) is the reconstruction high pass filter (HPF). Low 
pass analysis coefficients of Haar Wavelet is . 
High pass analysis coefficients of Haar Wavelet is 
. Low pass synthesis coefficients of Haar 
Wavelet is . High pass synthesis coefficients of 
Haar Wavelet is . 
 
III. HAAR WAVELET ANALYSIS BANK REDUCTION 
 
 
 
Fig. 2 Analysis bank of wavelet structure 
Fig.2 shows analysis bank of wavelet structure. d(n) is 
an input signal, d0(n) is an low pass output of d(n) and 
d1(n) is high pass output of input signal. 
For simplicity write in Z domain 
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At Perfect Reconstruction condition, No Aliasing 
Components presents 
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From Quadrature Mirror Filter by [7], analysis filters 
are chosen as follows 
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n−↔−=                               (6) 
Transfer function B(Z) of an LTI system can 
decomposed into its polyphase components[9] . 
B(Z) can be decomposed into  
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In Haar Wavelet M=2 
 
So Low pass filter & High pass filter is  
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Sub B0(Z), B1(Z) in Eq (3) & (4) 
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In Haar wavelet  B00(Z) = B01(Z)  
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Combining Eq (11) & (12) 
 
 
 
Fig. 3 Modified analysis bank structure 
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 B00(Z)          b00(n). In haar wavelet b00(n) =  
 
Fig. 4 Fast Haar wavelet analysis bank 
Shifting the down sampler to the input bring reduction 
in the computational complexity of factor 2 along with it. 
Fig.4 shows Fast Haar wavelet analysis structure 
compared to original Haar wavelet structure, Number of 
arithmetic calculations are reduced in Fast Haar wavelet 
structure. But using above method computational 
complexity [10] reduced in less than quarter of original 
computational complexity. 
 
IV. HAAR WAVELET SYNTHESIS BANK REDUCTION 
 
 
 
Fig. 5 Synthesis bank of wavelet structure 
Fig.5 shows synthesis bank of wavelet structure. d0(n) 
is low pass input signal, d1(n) is high pass input signal and 
dR(n) is reconstructed signal 
For simplicity write in Z domain 
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From Quadrature Mirror Filter by [8] at perfect 
reconstruction, filters are chosen as follows 
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Refer to Eq (7) 
 
A(Z) is decomposed into  
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In Haar Wavelet M=2 
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Sub Eq. 17 & 18 in (13) 
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Up sampler at the input of the synthesis filter bank will 
moved to output. So Eq.(19) can be drawn by 
 
Fig. 6  Modified synthesis bank structure 
In Haar wavelet A00(Z)= A01(Z)= B00(Z) 
In Haar wavelet b00(n) = a00(n)=  
Draw in time domain 
 
 
 
 
Fig. 7 Fast Haar wavelet synthesis bank 
 Combining Fig.4 & Fig.7, Fast Haar Wavelet 
Structure is obtained. Compared to Fig.2, Number of 
Mathematical calculations are reduced in Fast Haar 
Wavelet Structure is shown in Fig.8.    
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Fig. 8 Fast Haar wavelet structure 
V. EXPERIMENTAL RESULTS 
The results of applying, for one subject, which the 
signal is taken from laser based noninvasive Doppler 
indigenous developed equipment, the novel Fast Haar 
wavelet with approximation data are shown in Fig.9 
shows that difference between original haar wavelet and 
Fast haar wavelet are matched well. The Error rate 
between existing and proposed Fast Haar wavelet at -
90dB are shown in Fig. 11.   
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Fig. 9 Results of approximation data compared to existing and Proposed 
Fast Haar wavelet Transform. 
Similarly from the same novel Fast Haar wavelet with 
detail data are shown in Fig.10 shows that difference 
between original Haar wavelet and Fast Haar wavelet are 
matched well. The Error rate between existing and 
proposed Fast Haar wavelet at -160dB to -220dB are 
shown in Fig.11.   
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Fig. 10 Results of detail data compared to existing and Proposed Fast 
Haar wavelet Transform. 
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Fig. 11 Results of Error rate compared to existing and Proposed Fast 
Haar wavelet Transform 
We have checked our proposed method in image 
processing also. Lowpass output was obtained by applying 
original Haar wavelet and proposed Fast Haar wavelet. 
Fig.12(a) shows Lena image, Fig.12(b) shows lowpass 
image of lena by applying original Haar wavelet transform 
and Fig.12(c) shows lowpass image by applying Fast Haar 
wavelet transform. Fig.12(d) shows difference between 
Fig.12(b) & Fig.12(c) From the Fig.12(d), it is clearly 
visible difference value for all coefficients are less.  
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            (a)                                             (b) 
         
                (c)               (d) 
Fig.12 Comparison of Fast haar wavelet with original Haar wavelet 
a) Lena image (b) Lowpass of Lena image by original Haar wavelet 
(c) Lowpass of Lena image by Fast Haar wavelet 
(d) Difference between lowpass output by original Haar wavelet & 
Fast Haar wavelet 
VI. CONCLUSION 
This work presents a novel Fast Haar wavelet 
estimator, for application to biosignals such as 
noninvasive doppler signals and medical images. . In this 
paper, signals and images are decomposed and 
reconstructed by Haar wavelet transform without 
convoution. The proposed method allows for the dynamic 
reduction  of power and computational complexity than 
the conventional method.The error rate between the 
conventional  and the proposed method was reduced in the 
signal and image procesing.     
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